The antioxidant activity and phytochemical composition (ascorbic acid, free sugars and phenolic compounds) of decoctions and infusions of wild and commercial samples of Tuberaria lignosa (Sweet) Samp. (Fam. Cistaceae) aerial parts were evaluated and compared. Among wild samples, the effects of the drying method (freeze or shadedrying) on those parameters were studied. Infusion of the freeze-dried wild sample gave the highest levels of sugars, while infusion of shade-dried wild sample and decoction of the freeze-dried sample presented higher ascorbic acid and phenolic compounds content (including ellagitanins and flavonoids) than the other samples. The last two samples also revealed higher antioxidant activity and, in some cases, even higher than trolox.
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(Genay, France). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesar (Ward Hill, MA, USA). Water was treated in a Milli-Q water purification system (TGI Pure Water Systems, CA, USA).
In vitro antioxidant properties
General. Lyophilized preparations of the decoctions and infusions were redissolved in water at a concentration of 2 mg/mL and further diluted to different concentrations to be submitted to distinct in vitro assays (Pinela, Barros, Carvalho, & Ferreira, 2011 
where A S is the absorbance of the solution when the sample extract has been added at a particular level, and A DPPH is the absorbance of the DPPH solution.
Reducing power. This methodology was performed using the Microplate Reader described above. The different concentration solutions (0.5 mL) were mixed with sodium phosphate buffer (200 mmol/L, pH 6.6, 0.5 mL) and potassium ferricyanide (1 % w/v, 0.5 mL). The mixture was incubated at 50 ºC for 20 min, and trichloroacetic acid (10 % w/v, 0.5 mL) was added. The mixture (0.8 mL) was poured in the 48-wells, as also deionised water (0.8 mL) and ferric chloride (0.1 % w/v, 0.16 mL), and the absorbance was measured at 690 nm.
Inhibition of β-carotene bleaching. A solution of β-carotene was prepared by dissolving β-carotene (2 mg) in chloroform (10 mL). Two millilitres of this solution were pipetted into a round-bottom flask. After the chloroform was removed at 40 ºC under vacuum, linoleic acid (40 mg), Tween 80 emulsifier (400 mg), and distilled water (100 mL) were added to the flask with vigorous shaking. Aliquots (4.8 mL) of this emulsion were transferred into different test tubes containing different concentrations of the samples (0.2 mL). The tubes were shaken and incubated at 50 ºC in a water bath. As soon as the emulsion was added to each tube, the zero time absorbance was measured at 470 nm in a spectrophotometer 200 (AnalytikJena, Jena, Germany). β-Carotene bleaching inhibition was calculated using the following equation:
(Abs after 2h of assay/initial Abs) × 100 (2) 9 produce a 1:2 (w/v) brain tissue homogenate which was centrifuged at 3000g (Centurion K24OR refrigerated centrifuge, West Sussex, UK) for 10 min. An aliquot (0.1 mL) of the supernatant was incubated with the different solution concentrations (0.2 mL) in the presence of FeSO 4 (10 µM; 0.1 mL) and ascorbic acid (0.1 mM; 0.1 mL) at 37 ºC for 1 h. The reaction was stopped by the addition of trichloroacetic acid (28 % w/v, 0.5 mL), followed by thiobarbituric acid (TBA, 2 %, w/v, 0.38 mL), and the mixture was then heated at 80 ºC for 20 min. After centrifugation at 3000g for 10 min to remove the precipitated protein, the colour intensity of the malondialdehyde (MDA)-TBA complex in the supernatant was measured by its absorbance at 532 nm. The inhibition ratio (%) was calculated using the following formula:
where A and B were the absorbance of the control and the compound solution, respectively.
Phytochemical characterization
Vitamin C. Each lyophilized decoction/infusion (100 mg) was extracted with metaphosphoric acid (1 %, 10 mL) for 45 min at room temperature and filtered through Whatman Nº 4 filter paper. The filtrate (1 mL) was mixed with 2,6-dichloroindophenol (9 mL) and the absorbance was measured after 15 min at 515 nm (Pinela et al. 2011 ).
Content of ascorbic acid was calculated on the basis of the calibration curve of authentic L-ascorbic acid (6.0×10 -3 -1.0×10 -1 mg/mL), and the results were expressed as mg of ascorbic acid per g of lyophilized decoction/infusion.
Free Sugars. Each decoction/infusion (1 mL) was filtered through 0.2 µm nylon filters from Whatman, and analysed by high performance liquid chromatography coupled to a refraction index detector (HPLC-RI) as described by the authors (Pinela et al. 2011 ).
The equipment consisted of an integrated system with a Smartline system 1000 pump (Knauer, Berlin, Germany), a Smartline manager 5000 degasser, an AS-2057 autosampler (Jasco, Easton, MD) and a Smartline 2300 RI detector. Data were analysed using Clarity DataApex 2. re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to the HPLC system via the DAD cell outlet.
MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 ºC, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupoles were set at unit resolution.
The ion spray voltage was set at -4500V in the negative mode. The MS detector was programmed to perform a series of two consecutive scan modes: enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to obtain full scan spectra, to give an overview of all the ions in sample. Settings used were: declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10V. Spectra were recorded in negative ion mode between m/z 100 and 1500. EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) of the previous experiment using the following parameters: DP -50 V, EP -6 V, CE -25V, and collision energy spread (CES) 0 V.
The phenolic compounds present in the decoctions/infusions were characterised according to their UV and mass spectra and retention times, and comparison with authentic standards when available. For quantitative analysis, calibration curves were prepared by injection of known concentrations (2.5-100 µg/mL) of different standard compounds: apigenin-6-C-glucoside (y=246. 
Statistical analysis
The results are expressed as mean value and mean standard deviation (SD). The results were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD Test with α = 0.05 (different letters mean significant differences; the letter a is attributed to the highest value). This treatment was carried out using SPSS v. 16.0 program (SPSS, New York, USA).
Results
As far as we know, this is the first evaluation of the effects of drying (freeze or shadedrying) and preparation (oral dosage forms in water) methods in the antioxidant activity and phytochemical composition of wild and commercial samples of Tuberaria lignosa materials. For wild samples, shade-drying was performed simulating informants' general conditions of use and freeze-drying was carried out immediately after being collected; for both wild and commercial samples, decoctions and infusions were prepared according to folk recipes/formulations (Carvalho, 2010).
The antioxidant activity of the extracts obtained from the decoction/infusion preparations of wild (freeze or shade-dried) and commercial T. lignosa samples are shown in Table 1 . The wild samples showed higher antioxidant activity than the commercial samples. However, the influence of the preparation procedure (decoction or infusion) on antioxidant activity was not clear. The infusion of the shade-dried wild sample showed the highest DPPH radical scavenging activity (EC 50 =52 µg/mL) and reducing power (EC 50 =21 µg/mL), while the decoction of the freeze-dried wild sample gave the highest lipid peroxidation inhibition in TBARS assay (EC 50 =4 µg/mL). Both types of samples gave similar β-carotene bleaching inhibition (EC 50 =12 µg/mL). It has to be highlighted that the studied samples revealed interesting antioxidant properties, particularly the infusion of shade-dried wild sample that gave higher reducing power than the standard trolox. The antioxidant effects herein reported for Tuberaria lignosa support recommendations for its traditional use.
Ascorbic acid and free sugars were analysed and quantified ( Table 2) . Infusions gave higher amounts of ascorbic acid than decoctions, except in the freeze-dried wild sample.
In fact, the decoction of this sample and the infusion of the shade-dried sample revealed higher ascorbic acid concentration (~5 mg/g) than the other samples. Regarding free sugars, it should be noted that the levels of the disaccharides sucrose and trehalose decreased in decoctions, being hydrolyzed into fructose and glucose that increased in those samples in comparison with the corresponding infusions ( Table 2) . This phenomenon can also be observed in Figure 1A for the shade-dried wild sample decoction that gave the highest fructose content (68 mg/g), while the infusion contained the highest level of sucrose (36 mg/g). The freeze-dried sample infusion showed the highest total sugars content (144 mg/g) as also the highest glucose concentration (49 mg/g). Fructose was the most abundant sugar in all the samples whatever their origin or preparation. The commercial sample (decoction or infusion) presented the lowest total sugars content (94-95 mg/g), despite the relatively high levels of trehalose found in its infusion ( Table 2) . Curiously, raffinose was not detected in the commercial sample ( Figure 1B) . (2006) for caffeoylquinic acid isomers.
As for the other analysed compounds (ascorbic acid and sugars), the type of sample preparation did not show a clear influence on the phenolic composition of the extracts (Table 4 ). Little differences were found among the concentrations and distribution of phenolics in the different extracts (decoction or infusion) obtained from the two types of wild Tuberaria samples (shade-or freeze-dried). However, much lower amounts of phenolic compounds, namely ellagitannins, were found in the preparations of the commercial sample. Punicalagin derivatives were the most abundant compounds in all the samples.
Discussion
In general, the antioxidants (phenolic compounds, vitamins, etc.) content of fresh plant materials is higher than that of dried plant materials due to their degradation during In the present work, the influence of the drying process applied to wild samples was not so evident as previously observed by us and by others in other plant species, where freeze-drying proved to preserve more the composition, including phenolics, ascorbic acid, sugars, tocopherols, chlorophylls, and lycopene contents, as well as antioxidant activity (Chan et al., 2009; Pinela et al. 2011) . Nevertheless, Hossain et al. (2010) reported that air-dried samples had significantly higher antioxidants content and antioxidant capacity than had freeze-dried and vacuum oven-dried samples. Fresh samples had the lowest values for the parameters tested. Oven-drying resulted in higher parameters than did freeze-drying. As stated, the effects of drying methods on antioxidants and antioxidant activity are not conclusive. In fact, in the performed study, the effects of drying process were not evident and, as it can be observed in Tables 2 and   4 , the magnitude of concentrations of the different compounds in wild samples is similar. This absence of marked effects of drying methods was also reported by Hsu, Chen, Weng, & Tseng (2003) .
Regarding the influence of preparation method (decoction/infusion), the expected higher degradation of compounds in decoctions was not always observed. This could be due to the different amounts of sample used to prepare decoctions and infusions. To perform the present study, it was decided to use the amounts exactly indicated by local informants in order to mimitize the traditional used of T. lignosa. Therefore, a higher amount was used in decoctions preparation, leading to a higher extraction yield ( Table 1 ) that probably compensated the loss of compounds. It should be highlighted that consumers using higher amounts of plant material for decoctions than for infusions, they empirically know what was proved experimentally herein.
The most relevant effects were observed between wild and commercial samples that gave completely different amounts of antioxidants and antioxidant activity. The loss of phytochemical properties observed in commercial samples could be linked to processing (drying, preserving and packing) and storage time, since the vegetal material of wild and commercial sample could came from the same localities, although gathered separately in different periods.
Conclusions
Freeze-dried wild sample (infusion) gave the highest levels of sugars, while shade-dried wild sample (infusion) and freeze-dried sample (decoction) presented higher ascorbic acid and phenolic compounds (including ellagic acid derivatives and flavonoids) content than the other samples. The last two mentioned samples also revealed higher antioxidant activity than the other samples and, in some cases, even higher than trolox. Decoctions gave lower amounts of disaccharides than infusions, which seemed to be hydrolyzed increasing the content in monosaccharides. Commercial samples showed the lowest contents in all the analysed compounds, and especially in ellagitannins and flavonoids, which was also consistent with their lower antioxidant activity in all the assays compared with the wild samples.
As far as we know this is the first detailed characterization of the antioxidant properties and phytochemical composition of wild and commercial samples of Tuberaria lignosa.
The obtained results give scientific and technical support to the traditional uses of the wild plant in folk medicine, highlighting its decoctions and infusions as a source of bioactive compounds (e.g. phenolic compounds and ascorbic acid) to be used as functional beverages. Further studies should be performed in order to understand the mechanism of action of the mentioned compounds. tr-traces; TPA-total phenolic acid derivatives; TEAD-total ellagic acid derivatives; TF-total flavonoids; TP-total phenolic compounds. In each row different letters mean significant differences (p<0.05). Free sugars in the infusion (----) and decoction ( ) of commercial sample: 1-fructose; 2-glucose; 5-sucrose; 7-trehalose. Peaks 3, 4, 6 and 8 were not identified. 
